Serotonin 5-HT receptor Spine formation Cerebral cortex Rat a b s t r a c t Dendritic spines are postsynaptic structures which are formed from filopodia. We examined roles of serotonin (5-HT) receptors in the spine formation. Embryonic rat cortical neurons were cultured for 10 or 14 days and treated by 5-HT receptor agonists for 24 h. At 11 days in vitro, 5-HT 1A agonist increased filopodia density, whereas 5-HT 2A/2C agonist increased the density of puncta and spines. At 15 days in vitro, 5-HT 1A agonist decreased the density of puncta and spines, whereas 5-HT 2A/2C agonist decreased filopodia density with increase of spines. In conclusion, the present study shows 5-HT receptors have subtypespecific effects on the spine formation.
© 2011 Elsevier Ireland Ltd and the Japan Neuroscience Society. All rights reserved.
Serotonin (5-hydroxytryptoamine, 5-HT) is a neurotransmitter in the matured brain, and disorders of 5-HT system are associated with various types of mental illness (Charney and Nestler, 2004) . Because 5-HT neurons appear early in the embryonic brain and send axons diffusely to wide brain regions including the cerebral cortex (Lidov and Molliver, 1982; Wallace and Lauder, 1983) , it was suggested that 5-HT plays various roles in the brain development (for reviews, see Azmitia, 2001; Gaspar et al., 2003) . In the cerebral cortex, 5-HT is involved in the dendrite formation (Vitalis et al., 2007; Hayashi et al., 2010) and synaptogenesis and spine formation (Chubakov et al., 1986; Chen et al., 1994; Matsukawa et al., 2003; Jones et al., 2009 ). In spite of these studies, 5-HT receptors which mediate 5-HT actions have been only partly understood. In the present study, we examined roles of 5-HT 1A and 5-HT 2A/2C receptors, 5-HT receptors abundant in the cerebral cortex, in the spine formation during development.
Dissociated culture of cortical neurons was performed as previously described (Gandou et al., 2010; Harigai et al., 2011) . Briefly, cerebral cortex was excised from rat embryos (Wistar/ST, Nihon SLC, Hamamatsu, Japan) at embryonic day (E) 16. Cells were dissociated by trypsin treatment and were plated on 8-well chamber slides (NUNK, Rochester, NY, USA) at a density of 5 × 10 4 cells/cm 2 . The cells were cultured for 24 h in the Minimal Essential Medium (MEM, Invitrogen, Carlsbad, CA, USA) supple- * Corresponding author. E-mail address: tshiga@md.tsukuba.ac.jp (T. Shiga). 1 These two authors contributed equally. mented with 10% heat-inactivated fetal bovine serum (Invitrogen). At 1 day after plating, 5 M cytosine-␤-d-arabinofuranoside (Ara-C, Sigma, St. Louis, MO) was added for 24 h to remove proliferating non-neuronal cells and neuronal progenitors in the basal medium composed of Neurobasal medium (Invitrogen) with 2% B-27 supplement (Invitrogen), 0.5 mM l-glutamine and penicillin and streptomycin. Cortical neurons were then cultured in the basal medium which was changed every 2 days. At 10 days or 14 days in vitro (DIV), 100 nM of 5-HT 1A agonist (R-(+)-8-hydroxy-dpat hydrobromide, 8-OH-DPAT, Sigma) or 1000 nM of 5-HT 2A/2C agonist ((+)-DOI hydrochloride, DOI, Sigma) was added for 24 h. These doses were determined by our pilot study and a previous study (Jones et al., 2009 ). The cultures were fixed by 4% paraformaldehyde and incubated with rhodamine-phalloidin (1:100 dilution, Invitrogen) for 30 min. Serial optical sections (10-15 sections with 0.1 m thickness for each dendrite) were captured at 63× with LSM 510 META laser-scanning confocal microscope (Carl Zeiss, Oberkochen, Germany). Dendritic protrusions on the primary dendrites within the 100 m from the cell bodies (dendritic diameters ranging from 0.6 m to 2.9 m) were counted from reconstructed Z-sections. In our dissociation culture, cortical neurons in the layers V and VI may be major components, because we treated E16 cortical cells with Ara-C at 1 DIV when cortical neurons in the layers V-VI are already born (at E16 and E17) and those in the layers II-IV are still under proliferation in vivo (Berry et al., 1964; Hayashi et al., 2010) . Our previous study showed that most neurons (about 90%) in the present dissociation culture were glutamic acid decarboxylase (GAD)-negative, suggesting that excitatory neurons are dominant in our culture (Hayashi et al., 2010) . These neurons extended
